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ABSTRACT
This paper examines the causal structure of the relationship between child mortality
events and subsequent fertility with an analysis of prospective longitudinal data on births and
childhood deaths occurring to nearly 8,000 mothers observed in Bangladesh over the 1982–93
period, a time of rapid decline in fertility. Generalized hazard-regression analyses are employed
to assess the effect of infant and child mortality on the hazard of conception, controlling for birth
order and maternal age and educational attainment. Results show that childhood mortality
increases the hazard of birth-interval closure if the death occurs in the index interval,
representing the combined effect of biological and volitional replacement. Substantial birthinterval effects are also evident if the death occurs during a prior birth interval, signifying a
volitional replacement effect alone. Moreover, mortality effects in prior birth intervals are
consistent with the hypothesis of insurance effects. Interaction of replacement with elapsed time
suggests that the volitional impact of child mortality increases as the demographic transition
progresses. This volitional effect interacts with sex of the index child. Investigation of higherorder interactions suggests that this gender-replacement effect has not changed with time.

A widely accepted hypothesis holds that high childhood mortality contributes to parental desires
to have many children. Conversely, declining childhood mortality increases the number of
surviving children, leading couples to compensate with fertility control. Empirical investigation
of the interrelationship of reproductive behavior and childhood mortality has focused on two
specific domains of fertility responses to childhood mortality: an insurance effect that arises
from the tendency of couples in high-mortality settings to anticipate mortality risks and a
replacement effect in which parents experiencing the death of a child adjust their subsequent
reproductive preferences and behavior. Replacement, in turn, has two components: a biological
component associated with the death of breastfeeding infants that arises from the truncation of
lactational amenorrhea and a volitional component that arises from parental decisions to try to
have an additional child to replace the lost child. Testing the insurance and replacement
hypotheses involves clarifying the relationship between the death of a child and the mechanisms
of fertility decisionmaking. Both quantitative survey-data analyses and qualitative social research
suggest that child replacement is more pronounced in settings where fertility regulation is
widespread than in settings where prevalence of contraceptive use is relatively low (Mensch
1985; Rahman et al. 1992; Hill et al. 2001; LeGrand et al. 2003; LeGrand and Sandberg 2005).
Research has determined that the death of a child reduces the probability that parents
will subsequently adopt a contraceptive method, thereby increasing the likelihood of additional
pregnancies. Qualitative research conducted in Bangladesh and India by Amin and Basu (2004)
suggests that if more children are expected to survive to maturity, parents can afford to have
fewer children. Whether Bangladeshi parents adjust fertility in response to mortality events has
yet to be investigated, however. Bangladesh, like nearly all other developing countries, has been
experiencing mortality and fertility reductions that are shaped by programs and policies
(Montgomery and Cohen 1998; Wolpin 1998).
Bangladesh witnessed a rapid fertility transition during the 1980s and 1990s. Studies
conducted in Bangladesh have consistently shown that dramatic and sustained increases in
contraceptive use explain this transition.1 The total fertility rate declined from 6.5 to 3.5 during
the 1980–95 period. Other research has consistently demonstrated the behavioral determinants
and child survival consequences of gender bias. Girls experience excess mortality risks as
children (D’Souza and Chen 1980). Although this effect is not prominent among breastfeeding
children, excess mortality in the postweaning period arises from the selective neglect of girls in
the allocation of household resources (Chen et al. 1981).2 Childhood mortality rates are
particularly high for girls in the postweaning ages as a result of selective deprivation of health
care and other familial resources. Gender bias is also reflected in reproductive behavior. For
example, contraceptive adoption and continuation rates are higher if the last-born child is male
than if it is female (Clark 1996; Rahman 1998). Moreover, survey research indicates that the
preference for sons has remained resilient in Bangladesh. Average desired total fertility remains
at three children; couples typically want to have two sons and a daughter. This paper examines
the proposition that gender bias interacts with insurance and replacement motives. If volitional
replacement is evident in the context of Bangladesh, the death of a male child is likely to have a
greater effect on subsequent fertility than the death of a female child.
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Our analysis is derived from the longitudinal observation of nearly 8,000 married women
of reproductive age in six rural districts of Bangladesh over a 12-year period starting in January
of 1982 and extending to December of 1993. The pace of reproductive change in this period
ranks among the most rapid ever recorded. However, despite a substantial decline in child
mortality during this period, infant mortality remained high by global standards and largely
unchanged. We investigate the volitional context of the impact of childhood mortality on
fertility during this period of rapid reproductive change, first by testing the hypothesis of the
volitional response to child replacement and then by estimating the conditionality of replacement
and insurance with stage of transition. If child-replacement motives exist, decisions should be
reflected by the interaction of replacement behavior with son preference and increasing fertility
control. Insurance effects are linked less to prevailing fertility circumstances than to perceptions
of child mortality risks, however. Thus, insurance behavior is expected either to be constant as
fertility change progresses or to be concentrated in the early stage of transitions when mortality
risks are perceived to be high.
THE STATISTICAL MODEL
The analysis presented here is based on the interval between a given birth (the “index
birth”) and the next conception, employing the strategy proposed by Hill et al. (2001) in a paper
on child insurance and replacement effects in Zimbabwe and Senegal.3 In keeping with this
model, we have defined four mortality variables for each child with respect to a given mother:
the death of a child prior to the birth of the index child (mort1); the death of a child born during
the interval before the conception of the index child (mort2); the death of the index child during
the specified interval (mort3); and the death of a child in the 12 months following the end of the
interval (mort4) defining parameters of the hazard model:
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where t is the number of months from the onset of the index-birth interval to the time of the
conception that closes the interval, the time to the end of the study period, or the time to loss to
follow-up; and h(t/x,z) is the hazard function for conception at time t conditional on the set of
maternal characteristics X, and child characteristics Z; p is the shape parameter of the Weibull
distribution to be estimated; Xij represents a vector of J background characteristics of individual
mother i; Zij is the birth order of the index child, sex of the index child, and year of the birth of
the index child; mort i l represents the effect of the death of a child prior to the birth of the index
child (mort1), the death of a child born during the interval before the conception of the index
child (mort2), the death of the index child during the specified interval (mort3), and the death of a
are vectors of
child in the 12 months following the end of the interval (mort4); , #, ,
parameters to be estimated by the maximum likelihood; and ij and i are error terms for the
within- and between-mother effects, respectively.
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A specification of (1) is employed that estimates for interactions between sex of child, year of
birth, and mortality type and the reduced form with interactions omitted. Likelihood ratios for
reduced-form specifications of (1) permit tests of the statistical significance of sets of
interactions.
As Hill and his colleagues (2001) note, each mortality parameter in (1) has a
corresponding hypothesis concerning its role in replacement-reproductive decisionmaking:
Mort1 represents a mother’s experience of a child’s death prior to her conception of the
index child. Mort1, therefore, is comprised of both insurance and replacement components, a
characteristic of the behavioral response to mortality that Hill and his colleagues have labeled
“hoarding.” Mort1 effects would arise if the closure of an index-birth interval is explained by
mortality events in the past.
Mort2 concerns the death of a child during the interval leading to the conception of the
index child and, therefore, cannot possibly be related to biological replacement of the index
child. Parameters associated with mort2, therefore, directly test the hypothesis of child
replacement.
Mort3 controls for biological effects that arise from truncation of breastfeeding and
lactational amenorrhea resulting from the death of an infant. Volitional response to the death of
a child may also occur in the index interval, however, because mort3 also captures the effect of
reproductive decisions of parents that arise in response to the death of an infant. Mort3 is,
therefore, comprised of both biological and volitional replacement components. Interaction of
mortality events with sex of the index child, with time period of conception, and with birth order
test hypotheses regarding the conditionality of biological and behavioral child mortality effects
on conception. As a result of strong gender bias in this setting, we posit that the death of a male
child will be associated with a stronger replacement effect than will the death of a female child.
Events following a birth interval, mort4, cannot possibly explain child-replacement
behavior during the interval. Therefore, they capture exogenous familial risks unrelated to
insurance or replacement behavior, such as household conditions, maternal health, and other
factors that are potentially confounding effects in the estimation of insurance and replacement
effects. Mort4 addresses the possibility that many factors that contribute to the survival of a
child and the closing of birth intervals are complex and not unidirectional, such as the
determinants of family-building strategies, differential access to health or family planning
services, family resources for health and nutritional resources, maternal depletion associated with
closely spaced births, and others.
THE SAMPLE REGISTRATION SYSTEM
Data for the present analysis are derived from birth histories for the period prior to the
onset of longitudinal surveillance operations in 1982 and from prospective birth and mortality
data recorded by the Sample Registration System (SRS), a longitudinal cluster-sample
demographic surveillance system that was established as the demographic evaluation mechanism
for the Bangladesh Maternal and Child Health and Family Planning (MCH–FP) Extension
Project. This initiative, subsequently renamed the Operations Research Project (ORP), is a
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collaborative field experiment of the International Centre for Diarrhoeal Disease Research,
Bangladesh (ICDDR,B) and the Ministry of Health and Family Welfare of the Government of
Bangladesh. As the research partner in this collaboration, the ORP conducts research designed to
improve public-sector maternal and child health and family planning services. In its original
design, the ORP was fielded to test strategies for replicating services of the Matlab Family
Planning–Health Services Project.
The initial SRS sample was a randomized cluster sample of approximately 8,000
households dispersed in four rural thanas.4 Longitudinal monitoring extended over the 1982–93
period in four thanas, Sirajganj and Gopalpur in rural central Bangladesh on the west and east
banks of the Jamuna river, respectively, and Abhoynagar and Fultala on the country’s rural
western border with West Bengal State in India. Study thanas for the present analysis are within
Sirajganj, Gopalpur, Abhoynagar, and Fultala thanas. In 1986, random cluster samples for two
additional rural districts, Bagerpara and Keshobpur in rural southeastern Bangladesh, near
Chittagong, were added to the surveillance system. Although the duration of observation was
shorter in the Bagerpara and Keshobpur thanas, data from this area are left-censored and
included in the analysis. Longitudinal data collection in Gopalpur and Fultala was terminated at
the end of 1989 because of funding constraints. Data from these thanas are right-censored at this
termination date. Longitudinal data for the entire study period are available for Sirajganj and
Abhoynagar. The baseline fertility-history data for all women of reproductive age in the six
study thanas were compiled and used in this research for defining mortality events prior to the
baseline.
Although all study areas of the SRS are rural, the Abhoynagar and Fultala populations are
connected by a highway that joins the port city of Khulna and the regional headquarters in the
city of Jessore. A small but economically significant commercial sector in the towns along this
road makes the western sample areas somewhat more developed than the SRS sample areas in
central Bangladesh, which remain isolated, impoverished, and remote.
At the launching of surveillance, a detailed baseline fertility history was conducted for all
ever-married women in study. After the baseline, a team of professional ICDDR,B interviewers
visited sample households once every three months to collect data concerning demographic
eventsKbirths, deaths, changes in marital status, migration into and out of households, changes
in household relationships, and household splits and mergers.5 In each round, interviewers also
asked women of reproductive age questions about the possible onset of pregnancy by seeking
information about the date of their last menstrual period (LMP). When this date has not changed
from that recorded at the previous round, the probable reason is sought and recorded. This
information is used to alert interviewers to possible conceptions and pregnancy losses. Although
early pregnancy losses may not be completely reported in the process, the SRS prospective
interviewing procedure is likely to provide an unusually complete registration of conception rates
and an accurate detection of late-term pregnancy and perinatal events.6
Although the SRS resembles the relational design of the Matlab Demographic
Surveillance System in certain respects, it was designed to be a statistically efficient longitudinal
study of a baseline population of more than two million residents dispersed within four rural
6

districts. Stages of the sample design were intended to fulfill research goals of the MCH–FP
Extension Project. Clusters were larger than health-worker assignment areas, so that service
work routines could not be readily concentrated in sample areas. As a consequence, clustering
has introduced an element of statistical inefficiency in the design. Nonetheless, the sample
avoids the pitfall of concentrating research in a single surveillance zone, improving prospects
that research will be representative of a larger study population.
Sample extended households comprise the unit of observation, and procedures for
monitoring in- and out-migration from extended households, as well as household splitting and
merging, renew the longitudinal cohort over time. Thus, the SRS is a longitudinal open cohort of
extended family households.
The incidence of biological replacement caused by the truncation of lactation and
postpartum amenorrhea following the death of a child has been established in Bangladesh (Chen
et al. 1974) and elsewhere (Montgomery and Cohen 1998). Because breastfeeding data were not
recorded by the Extension Project, however, decomposing mort3 effects into behavioral and
biological components is not possible in this analysis.
BACKGROUND
The study period for the present analysis corresponds to a period of unprecedented demographic
change in Bangladesh. In Bangladesh as a whole, fertility declined by more than 50 percent in
the 1980s and 1990s. As Table 1 shows, the total fertility rate (TFR) declined from 4.4 children
per woman of reproductive age to 2.9 children during the 1983–93 period in the study
population. Childhood mortality also declined. In the study period, the child mortality rate
declined by more than 50 percent as a consequence of the successful expansion of immunization
coverage and other childhood health interventions. The infant mortality rate in study areas
remained above 100 during the research period, demonstrating that preventive health programs
were more effective in preventing late-childhood mortality than infant mortality.
Social characteristics of the study population have shown that the areas selected for this
research remain isolated, traditional, and similar in most respects to characteristics of the rural
hinterland of Bangladesh. Although the proportion of women who had ever attended school
remained low in the study period, improvements in educational attainment among young women
increased the mean years of schooling by 0.3 years during the study period. The percentage of
intervals associated with mort1, mort2, mort3, and mort4 are 9.33, 1.17, 3.71, and 0.20,
respectively.
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Table 1 Descriptive statistics for the study population of six rural SRS thanas of Bangladesh,
1983 and 1993
Statistic

1983

1993

Infant mortality rate (per 1,000 live births)
Child mortality rate (1–4 years) (per 1,000 live births)
Total fertility rate (per woman of reproductive age)
Mean age of women registered in the SRS (years)
Mean years of schooling of the women

119
11
4.4
21.8
1.0

106
5
2.9
20.8
1.3

Percent of intervals associated with:
mort1 (prior child died before the birth of index child)
mort2 (prior child died during the interval)
mort3 (index child died during the interval)
mort4 (prior child died within 12 months after the interval)

Percent
9.33
1.17
3.71
0.20

RESULTS
Weibull parametric regression models were fit using streg command in Stata (StataCorp 2003).
Frailty options specify the assumed distribution of heterogeneity. The results, in addition to the
standard parameter estimates, contain an estimate of the variance of the frailties and a
likelihood-ratio test of the null hypothesis that the variance is zero. In all the regression models
cited below, the likelihood-ratio test is performed and found to be statistically significant.
Moreover, a shared option is also used in all the regression models. The shared option specifies a
variable defining those groups for which the frailty is shared, which is analogous to a randomeffects model for panel data (Gutierrez 2002). Identifiers for individual women control for the
effect of unobserved heterogeneity resulting from repeated observations of birth intervals within
each observed reproductive history.
In Table 2, hazard ratios for the parameters of Model 1 are presented for the main effects
of child mortality indicators on the hazard of closing the index-birth interval (column 1), for the
interaction of mortality indicators with sex of the index child and of the child born prior to the
index child (column 2), and for the interaction of mortality indicators with maternal education
and the birth year of the index child (column 3). Hazard ratios reported in Table 2 demonstrate
expected covariate relationships with the closing of a birth interval. As birth order increases, the
odds of birth-interval closure decline monotonically. The effect of age, controlling for the birth
order of the index child, declines as age increases. Mother’s educational attainment is associated
with a reduced hazard of interval closing. All such effects reflect the role of these variables as
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fertility determinants. As expected, the odds of birth-interval closure are reduced by the birth of
a son in both the previous interval and the index interval, demonstrating the direct fertility impact
of son preference.
Results for mortality hazard ratios are consistent with the hypotheses of insurance and
replacement effects. In Table 2, the main effects of all four mortality indicators are positive and
significant. The combined indicator of biological and behavioral replacement, mort3 is estimated
to be 4.5-fold, indicating a pronounced net replacement effect. Moreover, this effect cannot be
attributed to biological replacement alone. The hazard ratio associated with mort2 estimates a
1.9-fold increase in the odds of interval closure if a child born in the previous interval dies
immediately prior to the index period. Findings are also consistent with the hypothesis of an
insurance effect, although results suggest that replacement motives may be more pronounced
than insurance effects. The estimated mort1 hazard ratio suggests that the odds of birth-interval
closure is enhanced by 33 percent if a child among children born in prior intervals dies. Taken as
a set of effects, the hazard ratios in Table 2 demonstrate a pronounced and consistent relationship
between childhood mortality and fertility.
Hazard ratios and tests reported in Table 2 examine the effect of the context of rapid
reproductive change and sustained son preference on insurance and replacement behavior.
Findings attest to the importance of considering the stage of the transition in interpreting the
demographic role of gender-preference interactions with insurance and replacement motives.
Columns 2 and 3 of Table 2 are provided to illustrate the complexity of these effects and ways in
which reduced parameter specifications can change with the addition of interactions to statistical
models, leading to possible misinterpretation of results.
Hazard ratios that are estimated for Model 1, and presented in column 2 of Table 2, show
the main effects of insurance and replacement. Mort1, mort2, and mort3 main effects are
significant, supporting the hypotheses of insurance and replacement. Moreover, the interaction
of these effects with the index child’s birth year supports the hypothesis that replacement effects
increase as the demographic transition progresses. The insurance indicator (mort1) is significant
as a main effect, but the interaction of insurance with stage of the transition is not. However, the
interaction of mort1 with male index child for the 1984–86 period suggests a transitory
conditional insurance relationship. In contrast to the model of main effects presented in Table 2,
mort1 effects diminish as sets of interaction effects are added to the model.
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Table 2 Hazard ratios for the main and interaction effects of infant and child mortality on the onset of pregnancy, controlling for indexchild birth order, sex, birth year, maternal education, and mother’s age at the time of index child’s birth
Hazard ratio
Covariate
Model 1
Model 2
Model 3
Mortality variable
Mort1 (prior child died before the birth of index child)
Mort2 (prior child died during the interval)
Mort3 (index child died during the interval)
Mort4 (prior child died within 12 months after the interval)
Birth order of index child
2 (r)
3
4
5
6
7
8
9
10
Birth year of index child
Prior to 1984 (r)
During 1984–86
After 1986
Sex
Male child born prior to index child
Male index child
Mother’s education
None (r)
Primary
Higher
Mother’s age at index child’s birth
<20
20–24 (r)
25+
Interactions
Mortality type x sex of index child
(Mort1) x (male previous child)
(Mort2) x (male previous child)
(Mort3) x (male index child)
Mortality type x mother’s education
(Mort1) x (Primary)
(Mort2) x (Primary)
(Mort3) x (Primary)
(Mort1) x (Higher)
(Mort2) x (Higher)
(Mort3) x (Higher)
Mortality type x birth year of index child
(Mort1) x (during 1984–86)
(Mort2) x (during 1984–86)
(Mort3) x (during 1984–86)
(Mort1) x (after 1986)
(Mort2) x (after 1986)
(Mort3) x (after 1986)

1.33***
1.87***
4.50***
2.31***

1.36***
1.86***
4.09***
2.31***

1.24**
1.83***
4.09***
2.27***

1.00
0.80***
0.57***
0.43***
0.32***
0.24***
0.15***
0.14***
0.11***

1.00
0.80***
0.57***
0.43***
0.32***
0.24***
0.15***
0.14***
0.11***

1.00
0.80***
0.57***
0.43***
0.32***
0.24***
0.15***
0.14***
0.11***

1.00
0.71***
0.42***

1.00
0.71***
0.42***

1.00
0.71***
0.37***

0.95**
0.92***

0.95**
0.91***

0.95**
0.91***

1.00
0.93*
0.61***

1.00
0.93*
0.61***

1.00
0.93*
0.61***

5.62***
1.00
4.27***

5.62***
1.00
4.27***

5.68***
1.00
4.31***

0.96
1.02
1.21*

0.97
1.01
1.21*

0.92
1.21
1.01
1.01
1.01
0.96
0.98
0.89
0.60***
1.13
1.38
1.87***

-2 Log L
Likelihood ratio Chi-square (degrees of freedom)

392690

(r) = Reference category.
*Significant at p<0.05; **p<0.01; ***p<0.001.

10

392673
17(3)***

392401
272 (12)***

The interaction of mort2 and mort3 with the sex of the index child and with the year of birth of
the index child supports the hypothesis of volitional replacement. As fertility control has
increased, the replacement effect has become more pronounced. If a male child dies, the
replacement motive is stronger than if the child who dies is female. The absence of significant
three-way interactions in column 3 suggests that the estimated mort2 and mort3 gender-bias effect
on birth-interval closure is not conditional on the year of the index child’s birth. The interaction
of mort3 with time period is significant and positive for the 1984–86 period, and this interaction
increases for the 1987–92 period. Somewhat greater hazard ratios are estimated for the
corresponding mort3 time period interactions—a 1.9-fold hazard ratio, suggesting that the
mortality effects of maternal and household characteristics that are unrelated to replacement
effects have grown as the transition progressed.
In summary, results lend consistent support to the child-replacement hypothesis,
somewhat less consistent support to the insurance hypothesis, and clear and unequivocal support
for the hypothesis that child-replacement effects increase in demographic importance as the
demographic transition progresses. Moreover, child-replacement effects interact with sex of
index child in ways that are consistent with the hypothesis that the death of male (preferred)
children enhances replacement behavior. This interaction is not significant if the stage of the
transition is considered in the model, and no evidence is found that the interaction of gender bias
with replacement becomes more pronounced as the transition progresses.
DISCUSSION AND CONCLUSION
Considerable attention has been directed to the relationship between childhood mortality and
fertility behavior in Bangladesh. The possible effect of the insurance value of children has been
proposed as a key factor in explaining high pretransitional fertility. This analysis, while lending
support to the hypothesis of an insurance effect, has demonstrated that its demographic
significance is likely to be less prominent than that of replacement behavior. Moreover,
insurance behavior is unrelated to the sex of index child, and no evidence has been found that
insurance behavior interacts with the stage of the transition. Findings indicate that the insurance
motive remains intact even after total fertility declined to fewer than three children per woman.
Infant mortality rates remained high throughout the transition, and societal effects of reduced
late-childhood mortality have yet to have an impact on insurance-related motives.
The demographic role of child replacement is relatively pronounced, however. The death
of an infant in an index birth interval and the death of a child immediately prior to the index
interval elevate subsequent fertility. This effect is accentuated by the stage of fertility decline,
demonstrating that the volitional role of child replacement is enhanced as contraceptive use and
fertility control increase. Son preference also interacts with child replacement in plausible ways,
suggesting that the death of a preferred child is likely to evoke the replacement motive. Thus,
the well-documented role of gender bias as a determinant of child health and survival is also a
factor in child-replacement decisionmaking. The role of sex preference in replacement behavior
is unrelated to the index child’s year of birth. Although the rapid fertility decline in Bangladesh
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transformed reproductive behavior in less than a generation, no evidence shows that the effect of
son preference on replacement motives has changed as the fertility transition has progressed.
NOTES
1 See, for example, Cleland et al. (1994).

2 Similar relationships have been noted in India (Freed and Freed 1989; Murthi et al. 1995).
3 Related qualitative research is reported in LeGrand and Barbieri (2001) and LeGrand et al.
(2003).
4 A thana is the primary unit of governance, sometimes referred to as a district. Each thana is
an administrative and geographic unit with a population of approximately 200,000.
5 The SRS is described in Mozumder et al. (1991). The SRS was established by conducting a
census of extended family households in the sample. The database was used to print a
household record book formatted to record changes in resident-member relationships and all
demographic events occurring in the three-month interviewing rounds.
6 Routine random cross-sectional interviews with a 15 percent subsample of the SRS
households permit comparisons of reinterview data with longitudinal SRS data suggesting
that the event undercount of the SRS is less than 1 percent. Prospective inconsistencychecking procedures have minimized misreporting and mistiming of demographic events.
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